Abstract-This paper presents a technique for evaluating analytically and without limitation the singular part of the kernel integral of cylindrical wires due to uniform current distribution. This approach uses the static Green's function expression in cylindrical coordinates. The formula of the singular part converges rapidly and illustrates its usefulness for kernel calculations without loss of accuracy.
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V. CONCLUSION
An exact series solution for scattering from EMS has been found when the innermost core was a conducting sphere. EM fields in all regions were expanded by the spherical vector wave functions, and then the addition theorem for the spherical coordinate system was used to apply the boundary conditions. A system of linear equations was derived from the boundary conditions. By solving this equation, the far-zone scattered field patterns have been evaluated for a uniform plane wave incidence. Numerical results for EMS in the resonance region have been presented. Also the convergence of the modal solutions have been investigated with various dielectric distributions, eccentricities, and dimensions. We found that the convergency of the solution only depends on the dimension of the scatterer.
From these results, we can predict fields in the dielectric lens, radome, or resonator with spherical boundary. If the innermost core is dielectric, an exact series solution can be found by a slight modification of the boundary condition on the core.
I. INTRODUCTION
The practical numerical calculation of the thin-wire kernel of cylindrical wires typically relies on the static or singular part of the double integral 1/R, on the surface of the cylinder [I]-[6]. Butler [4] evaluated the integral with the series form valid only for A/2a > 1. Another approach evaluates this problem by approximating a cylindrically curved subsection in the neighborhood of the singularity by a flat rectangular patch [5] . An exact expression for the kernel integration in cylindrical antennas has been obtained recently by Wang [7] and Werner [8]. The double integral 1/R, on the cylindrical surface, however, is not available in the literature.
In this paper, a closed-form expression for the singular part due to uniform current distribution is presented. Although the exact expression is available, this method can be used to evaluate efficiently and accurately the matrix elements in a moment-method solution of thin wires. [IO] 1 d J , j w dl p s = where 1 is the length along the wire axis, and J , and p s are the surface current and charge densities, respectively.
Assuming the wire is excited by a rotationally symmetric tangential electric field E:, the only nonvanishing components are the axial electric field and axial surface current density J , which can be expressed as J , = I/(2ra). [Vm] represents an applied voltage vector while [In] represents the unknown current vector. The current elements are approximated by filaments of uniform current and delta function charge densities at both ends of the sub-dipole.
The basic integral in the impedance matrix [Z,,] for evaluating the magnetic vector and electric scalar potentials due to z-directed uniform currents is of the form where In (3a), Ir-r'I is the distance from the source point to the observation point on the wire surface. We regard the one segment length as 2A for the convenience of the kemel calculation as in [4] . The integrand of (3) is singular at z = z', 4 = q5'. For convenience, and using symmetry, the singularity is translated to z = O,q% = 0, p = a. To solve (3), it is convenient to write it as [4]
where the first term of the integrand of (4) contains the singularity and the second term is a slow, i.e., varying function presenting no difficulties to numerical calculations.
To evaluate the double integral of (4a) on the surface of the cylinder, first we investigate the static Green's function in cylindrical which is valid only for lA/al < 1
Although the evaluation of (IO) is exact, it contains many series which tend to be somewhat cumbersome in numerical evaluation and it is valid only for lA/al < 1. Therefore, an alternative and more efficient method of evaluating (9) can be derived by integrating term by term. Doing this, (9) can be written as Substituting (15) in (14), and after some manipulations, it yields
where n!! = ( n ) ( n -2)(n -4 ) . . . .
usually have negligible values.
The remaining terms can be found using a similar procedure but (2)(3!!) A
COMPUTATIONS AND COMPARISONS
The utilization of the derived formulas in moment method is illustrated in Fig. 1 which is a plot of (1 1) in the range of 0 < ( A / a ) < 2.5. Note that the dominant term of SO is Ao. -- Fig. 2 . Real and imaginary parts of wire antenna impedance.
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[4] C. M. Butler, "Evaluation of potential integral at singularity of exact kernel in thin wire calculations," IEEE Trans. Antennas Propagat., pp. In evaluating the impedance matrix, the singularity occurs only in the real part, and therefore SO of (1 1) influences the real values.
The imaginary value is affected by the imaginary part of 91 in (4b). For the computation using the formulas derived in this paper, two cases were considered. For case 1 only the first term A0 of (1 1) was used, while for case 2 only the first two terms, A0 and A I , were used. It is apparent when compared with the MININEC data that 
IV. CONCLUSION
The static double integral 1/R, in kernel integral was evaluated by a closed and rapidly convergent series which has many practical numerical advantages. The computed data are compared with MININEC values and with a value from the King-Middleton. The results of this paper significantly improve the computational efficiency of the input impedance of thin-wire antennas.
Abstmct-A simple algebraic formula for the resonant frequency of a circular microstrip disk antenna as a function of the effective radius and of the fringing capacitance has been derived which is valid for electridythick dielectric substrates. Accuracy of the theoretical results of resonance is compared with previous theories and measured data.
I. I N T R O D U C T I O N
Because of the narrow bandwidth of microstrip antennas, the accurate determination of their resonant frequency is important in the design of microstrip antennas. One of the techniques to increase the bandwidth is to increase the thickness of the dielectric substrate proportionately. Most of the design formulas for the resonant frequency, however, are accurate only for thin dielectric substrate, normally of the order of h / X d 5 0.02 where h is the thickness of the dielectric substrate and A d is the wavelength in the dielectric substrate. In this paper, we present a simple and accurate design formula for the resonant frequency of an electrically-thick circular disk. The design formula is based on the fringing capacitance that is related to the edge extension of a circular disk. Fig. 1 shows the geometrical configuration of a circular microstrip disk antenna. A perfectly conducting circular disk is placed on the top of a dielectric substrate backed by a perfectly conducting ground plane. The disk has a physical radius T . The dielectric substrate has a relative dielectric constant of E,. and thickness h.
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